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METHOD AND APPARATUS FOR AN IMPROVED SAMPLE 

CAPTURE DEVICE v-VMPl.E 

5 

BACKGROUND OP THE INVENTION 
piercing the skin to pnxtaee blood f„, M*1M. 4 . rfu : T / 

Earl^OKKbofl^tog i,,cK«l«d p imillg „ slkmgthe^,,,,^ „ ■ 
™*. Current methods utilize lancing devices that coDtsin a multitude of s ^ 
^^todH^clancet. .^^^J^-T 

2^y, .he pain associated with each lencing ^ ^ ' 

^espahents SomtesUng. h ^ fc » 

offeng lancets „ harmorncallv oscm.te ^ „ ^ ^ ^ 
due to recoil. „. TC0 „ _ ^ ^ rf & |anM fc 

patient cornphw with , s^chued glucose monitoring „gL 
mm ^^"-efc»ls,blo^„f 1 e, i , omn ^ toOTblo ^^ _ 

« h combined * „ sample acumsmon „d tesrtng step. Spo.^neo. bZT 
^u, on menage n ,s abon, 50^ „f hoca ^ whjch _ 

*.k«s doc,™,, yield a sronta™™, blood san.pl.: It would be desirable In fi „ , 
methods to aotoale.be lancet. »»« l» *=>"ble .o find m,p„ved 
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As lancing devices have become more advanced, so have the sensors used to 
measure the glucose levels in the blood samples. These analyte sensors now operate 
using increasing lower volumes of blood sample. Some of these analyte sensors are 
designed for use with lancing devices that create smaller wounds, which is beneficial in 
5 that there is less pain and tissue damage, but also provide less "blood to work with. As the 
required amount of blood decreases, it becomes increasing important to guide the ever 
slirinking volumes of blood towards the sensor in an efficient manner that does not waste 
the small volumes of blood. At low volumes, it is desirable to regulate fluid flow so that 
. the small amounts of fluid are not wasted on surfaces that do not provide an analyte 
10 measurement. 

A still further problem concerns the possible inability to guarantee blood flow 
from the finger lancet wound to the sensor port located on the disposable cartridge. The 
problem might be the invariability of the blood volume from the lancet .wound, otherwise 
known as the shape and size of the droplet. There have been stated solutions such as the 
1 5 delivery of the lancet to the finger with a deeper penetration depth or a programmed 
controlled "lancet-in-the^finger" dwell time to sustain the size of the wound, which 
allows more blood to be produced from the wound. However, each might possibly result 
in a compromise on the degree of pain ox sensation felt by the patient. 

In some embodiments, a capillary may be co-located with the lancet. In order to 
20 get the blood into the capillary, several variables (lateral movement or other variation) 
come into play. Unless the blood droplet is directly centered on the capillary, there may 
be difficulty transporting enough blood to the analyte detecting member. For example, if 
there is any type of lateral movement or if the blood does not fall into the capillary tube, it 
can smear on the side wall. With an integrated sampling configuration where it may be 
25 difficult to visualize where the blood or body fluid is going, there may be no way for the 
subject to rectify the situation by milking the finger to get a larger droplet and increase 
the potential of getting the blood in. 

The design of these improved medical devices has also challenged engineers to 
come up with more efficient methods of design. With macroscopic devices, such as 
30 conventional^blood chemistry analyzers or flow cytometers, it is usually possible during 
the development phase to mount flow sensors, temperature probes, and optical detectors 
at various positions along the instrument pathway to experimentally determine the 
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SUMMARY OF THE INVENTION 
i. ^■^ E e Mr e ll ,e stosuidi)lgafluidsaoipltob|a J^ 

enbodmaiBoftliepresenlmveMioii ™oe«iabv 

it a more permanent solution. &«>wever, 
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Embodiments of the present invention provide solutions to a problem, which 
concerns the possible inability to guaranteed a stable blood volume from a finger lancet 
wound to a sensor port located on a disposable cartridge. The problem might be due to 
shallowness of the lancet penetration depth, skin surface tension issues, or the patient's 
vascular conditions resulting in the invariability in achieving an adequate blood droplet 
shape and size. There have been other stated solutions such as the delivery of the lancet to 
the finger with a deeper penetration depth or a control method to increase the amount of 
blood to be produced from the wound. 

In one embodiment, this invention produces a concept of a capillary need for the 
blood to travel directly from the wound to the sensor port on the cartridge. Thus the 
volume of blood produced at the wound site irregardless of its droplet geometry can be 
completely transported to the analyte detecting member. 

In a still further aspect, the present invention provides solutions for at least some 
of the drawbacks discussed above. Specifically, some embodiments of the present 
invention provide an improved, integrated fluid sampling device. To improve device 
integration, devices and methods for connecting sensor regions to contact pad regions 
may be provided. One of the problems involves getting electrical contact with the leads 
connected to electrodes coupled to the sensor regions. At least some of these and other 
objectives described herein will be met by embodiments of the present invention. 

In yet another aspect, the technical field of the invention relates to thick film 
conductor depositions for the purpose of providing sensory device placement, signal 
conduction, and isolation from environments detrimental to the sensory device storage 
and integrity prior to utilization. 

In one embodiment, the present invention provides solutions for at least some of 
the drawbacks discussed above. The invention relates to the electronically controlled 
actuation of a lancet to create a wound for the collection of a blood sample for analysis. 
Specifically, some embodiments of the present invention provide an improved fluid 
sampling device. Because of the obtain spontaneous blood generation ina relatively 
painless manner, the ability to move the penetrating member at a high, yet controllable 
velocity is of interest. At least some of these and other objectives described herein will 
be met by embodiments of the present invention. 
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iTZTr""^ Because the difficulty of building such semois fortesting 

^ lo d™,ep . Bsl of de , 8 „ „ te for « _ 

21 it Fw r ° f ^ - - - - 

glucose detecting member are disclosed 

sensor configured ,o pro.de inflation relative to a depth of penetration of a 
penetrating member through a stan surface. 

The depth of penetration may be about 100 to 2500 microns. 

The depth of penetration may be about 500 to 750 microns. 
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The depth of penetration may be, in this nonlimiting example, no more than about 
1 000 microns beyond a stratum corneum thickness of a skin surface. 

The depth of penetration may be no more than about 500 microns beyond a 
stratum corneum thickness of a skin surface. 

The depth of penetration may be no more than about 300 microns beyond a 
stratum corneum thickness of a skin surface. 

The depth of penetration may be less than a sum of a stratum corneum thickness 
of a skin surface and 400 microns. 

The penetrating member sensor may be further configured to control velocity of a 
penetrating member. 

The active penetrating member may move along a substantially linear path into 
the tissue. 

The active penetrating member may move along an at least partially curved path 
into the tissue. 

The driver may be a voice coil drive force generator. 

The driver may be a rotary voice coil drive force generator. 

The penetrating member sensor may be coupled to a processor with control 
instructions for the penetrating member driver. 

The processor may include a memory for storage and retrieval of a set of 
penetrating member profiles utilized with the penetrating member driver. 

The. processor may be utilized to monitor position and speed of a penetrating 
member as the penetrating member moves in a first direction. 

The processor may be utilized to adjust an application of force to a penetrating 
member to achieve a desired speed of the penetrating member. 

The processor may be utilized to adjust an application of force to a penetrating 
member when the penetrating member contacts a target tissue so that the penetrating 
member penetrates the target tissue within a desired range of speed. 

The processor may be utilized to monitor position and speed of a penetrating 
member as the penetrating member moves in the first direction toward a target tissue, 
wherein the application of a launching force to the penetrating member is controlled 

■4 ■ - 

based on position and speed of the penetrating member. 
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The processor may be utilized to control a withdraw force to the penetrating 
member so that the penetrating ffi e m be, moves in a. second direction away from the target 
tissue. 

In the first direction, the penetrating member may move toward the target tissue at 
5 a speed that is different than a speed at which the penetrating member moves away from 
the target tissue. 

In the first direction the penetrating member niay move toward the target tissue at 
a speed that is greater than a speed at which the penetrating member moves away from 
the target tissue. 

0 The speed of a penetrating member in the first direction may be the range of about 

2.0tol0.0m/sec. 

The average velocity of the penetrating member during a tissue penetration stroke 
m the first diction may be about 100 to about 1000 times greater than theaverage 
velocity of the penetrating member during a withdrawal stroke in a second direction 

A further understanding of the nature and advantages of the invention will become 
apparent by reference to the remaining portions of the specification and drawings^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an exploded view of one embodiment of a cartridge ™th sealing layer 
and analyte detecting layer according to the present invention. 

Figure 2 shows a close-up view of one portion of the cartridge of Figure 1 . 
Figures 3A-3H show examples of geometries for texturing formations. 
Figure 4 shows aperspective view of a ring of analyte detecting members that 
may have texturing. 

Figure 5 shows another embodiment of the present invention, with texturing. 
Figure 6 shows a cross-section view of yet another embodiment of the present 
invention with texturing. 

Figure 7 shows one embodiment of a mesh for use with the present invention. 
Figure 8 shows perspective views of a fluid I sampling device and a cartridge for 
use with such a device. 

Figured shows a close-up view of one embodiment of a cartridge using mesh. 



WO 2005/033659 PCT/US2004/032025 

8 

Figures 10.14 show other views of embodiments of mesh for use with the present 
invention. 

1 Figure 15 shows one embodiment of electrical contacts and leads for use with the 
present invention. 

5 Figure 1 6 shows one embodiment of the present invention with contact pads for 

use with commutators. 

Figure 1 7 shows an exploded view of a cartridge with an analyte detecting 
member layer. 

Figure 1 8 shows a perspective view of one embodiment of the present invention 
0 for use with commutators on the inner diameter of the cartridge. 

Figure 1 9 shows a cross-sectional view of one embodiment of the present 
invention. 

Figure 20 shows yet another embodiment of the present invention. 
Figures 21-22 show side views of actuators according to the present invention. 
5 Figures 23 A-23B show two different embodiments of actuators according to the 

present invention. 

Figure 24 is a schematic for detemiining position for an actuator according to the 
present invention. 

Figures 25A-25D show penetrating member velocity profiles. 
> Figure 26 is a schematic showing one embodiment of feedback control for a 

penetrating member. 

Figures 27A and 27B are perspective views of a fluid sampling device and a . 
cartridge for use with such a device. 

Figure 28 is a diagram showing the analyte detecting member as modeled after 
initial.contact of the member and the fluid sample. 

Figures 29a and 29b are charts showing reaction rates of enzyme reactions on the 
sample-sensor interface. 

Figure 30a and 30b are charts showing concentrations profile of enzymes along 
the sample-sensor interface. 

Figure 31a through 31c are charts showing concentrations of reactants along the 
sample-sensor interface. 
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Figure 32 is chart showing change in fluorescence lifetime * \ ' 

detecting^bexresponsetoglucose. - ^ 

response ^graphs of modeled ^ ^ detectttg ^ ^ 

Figure 34 shows experimentally obtained response curve of an anaryte detecting 

* * 

' DESCWPTION OP 1^ SPECOTC EMBODIMENTS 

The present invention provides a multiple analyte detect,™ m v 

^.^litie, Al _ _ of ^ ^ oaa ^ 

d=.»led descphon „ ^ ^ ^ ™„ 

« ^ ^ „,, refera PP«ded 

» the e*ent Iba, they eonlUc, ^ ^ _ ^ fc m ^J^-* 

-Op^na,- o, - op1ionlll> , ^ lha ^ ^ ^ 

may or may not occur, so that (he description includes instances where (he ,i~T 
feature for analyzing a blood saropje, Ibis means that the analysis feature may or may not 
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possesses to 

analysis feature and structures wherein the analysis feature is not present 

-*» > ^r, bar*, 22 and a subs*,* 24 ^ , ^ rf ' 

fluid chamber 30 and be held there for analysis, 

Refenirig now 10 Kgure 2, a close up view of one embodiment of the sample 

^^^^^^^^ • 
^ areas when trymg to create fluid flow. However, as seen in Figure 2, having a flat 



-^hemcalsurfacetreatmentsoromersurface^tments^ To design the texture, .ne 

as a nonlmuung example, in the area of about 250-50<H Just having blood flow around 
that me device canuot afford. ,t h desired that the flmd flow ta . ^ 
flow,because at low volumes, the fluidcannot be wasted on errantflows 

^volumes, mere is no c^^ For 
one nonhmiting example where it is desired that the blood or fluid goes into a tube 
However, the preferential path is the surface and until the tube fills completely and 
.^^tB^i*^^^^ mebloodcouldtryto 

into the device for measurement 

flow. For example and not limitation, the texturing may be on the cartridge 20 or it 

•ubular problem, such as guiding fh,i d int0 a m m „ , ^ ^ 

Posing the fluid to engage the capillary. In one embodiment, a single material is 
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used. The material maybe an ideal fl ow ma terial for use vrithW , . 

.^a^^^^ Asan irCe Mnjtip,e 

haVeaCO ^^in fteare aofab,u«20 to 5de gr ee S ^ 
F ^-s3A-3H show examples of geometries that may be ^ witfllll 

^ ngft e^ ac e mayimprove _ 

porbons, detents, depressions, cross-hatch, scoring criss-cross t , ' 
of other surface oeometries and/n, • , ' ^S^' ° f a ^ 

0 P - ' ^^^"^"ombmationsoftheabove 

0 F lgUre 3A shows an embodiment where the texturing 40 is in a c , 

shape around an openi™ 47 f„ r „> •• i' CaCular ^cture 

40 IS des 1 gnedto'Wrfluidtowardstheo P ening42 Figure 3R K * 
parabolic shape. As seen in Figure 3B the teLn B d ^ 3B ^ W 44 in a 

the opening 42 Figure 3C s hn , . ' does ^ ^essarily ft]ly 

configuration. Figure 3F shows texturing 52 in a rectan S u,ar ^'"T* 50 ™*" 

shows texturing 54 in a curved r V t3n8Ular Figure 30 

m a curved-Jmear ccnfiguration Fim,r„ „i. 
teardrop-heart shane Tt *h u u ^ h ° WS texturi »S 56 in a 

texturing. s sunace properties by 

As a nonJimiting example, the texturing may be used with a typical 300 ™ • 

diameter lancet. The blood dronletcnnMf . ^ 

, could form anywhere on the lancet. It's also a P 

shaped wound created on the nrni^t tl ~- . C " 

aroimrt th" , * , CUtt,ng ed 8* cre ** that shape. Anywhere 

around this, droplet can go in the centP, „ u ~"/wnere 

^ K omtfie center, or anywhere around theC. That whvtl^ 
texturing is used to corral flniH ihm ,.• , wiry trie 

0-1 fed that may mt the surface and need to be guided. In some 
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embodiments, there could be gaps in the texturing so that fluid and directed in certain 
directions. 

Types of texturing includes but is not limited to lumpy, bumpy (just texturing) 
round dots, square dots, etc... Texturing may be formed by any variety of techniques 
including but not limited to aiming a plasma beam to create the texturing; sacrificial 
foam/hot press embossing; chemical texturing, combinations of the above, and other - 
techniques as known in the art. 

Referring now to Figure 4, one embodiment of a ring 60 for use with a cartridge 
such as that shown in Figure 1, will now be described. This embodiment of a ring 60 
having a plurality of analyte detecting members 62 is shown- For example and not 
limitation, the ring 60 may be formed a linear tape of analyte detecting member 62 
formed into a circular configuration. The analyte detecting member 62 may include an 
aperture 64 to allow for a penetrating member (not shown) to pass through to penetrate 
tissue. In the present embodiment, the analyte detecting member 62 may have three 
electrodes 68, 70, and 72. The electrodes are coupled to the appropriate electrical 
contacts 74. The present invention may also include texturing 40 on the analyte detecting 
member 62. , 

It should be understood that in some embodiments, the linear tape of analyte 
detecting members 62 may be "folded" in a reverse manner so that the outer surface 80 of 
the ring 62 will now be the inner surface (or inner diameter) of the ring 62. Thus the 
leads 74 will be on the inner surface and the plain backing 82 will now face outward. In 
such a configuration, the backing 82 would now have the texturing as shown in Figures 
3A-3H. Having this reverse configuration allows the electrodes to be on the side of the 
analyte detecting member that first receives body fluid as indicated by arrow 1234. The 
embodiment of Figure 4 may also be formed or attached to the outer circumferential 
surface of the cartridge. 

Referring to Figure 4, the orientation of the analyte detecting members 62 is 
orthogonal to the orientation of the penetrating member. The penetrating member moves 
through the aperture 64, through a sample capture port (not shown) to pierce into the skin 
or tissue and retract In one embodiment, the blood sample may move by capillary or 
wicking actioi, across the electrodes 68, 70, and/or 72. There may be wicking material 
used on all or part of the sample capture or transport area. The sample volume for this 
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co n f5g«n 1 tio n is I ,la^ e]ysma]Uess(han 3 00n] ym^aa^^aa^^ 

aperture 64 is about 0.5 -1.0 mm . ^ent, the range of the 

5 Figure 5 sh 0WS yet another em bodiment. 0 f the present invention whirl, ' 

AsseeninP.^, 

40 penetrating members. ^ 2 °> 25 > 30 ' or 

presentinvention^illnowbedescribed THs cross-section a 

, , «. iw& cross -section shows a cartridee 100 

holding a penetrating member 102 in a cavity 104 From . w ■ ■ ,T 

!«,♦*- - V 111 a wound seated in tareet tissue 

by the penetrating member 1 02 hnrlv fi„,M , *» g ? 

6 xiicjiiocr i u^, oody fluid will contact electro^ 1 n» ~~ *+* 
the exit nnrt 1 1 n eiecirodes 1 08 positioned around 

embodiments may haveall of the electrodes 108 above the nnrt lino 

member ,08 distributed about the ope™ sJ^Z ^ 

cove* the members 1 08 or com « ZTL b * **■ 

"epMefemportonlloatrfaentte^poni^^^ . , 

sterth^o, medic*. A sterility seal (not shown, such as bu, no, hied ,o , 

eaehtnotv,^ p« ,,„.„, olher ^ ^ ^ 

^Pen^ a device such as but not limited to a separate punch device, the poL IT 
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include texturing 48 around the electrodes 108 or a larger area of texturing 40 that 
surrounds all the electrodes at once (not shown). 
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Referring nowto Figure 7, one 'anbodhnof 0 f the present; - • 

iocated^^pe^^^^ mesh 120 ^ is 

of a radia , cartridge ,21 havi.g the mesh I20 

Wg event, *-«ing^^ 

-unt of foi, cail be relatively lifted because the ^ be tr ^ ^ 

^^^^^^^ 

^*e W ou„dch an n e ,wou,db e ava J , a blea fte ?Lt ^ ^ ° f fil ^ 
bloodsa.pleintoth.s^e^. ^ ^ ^ ^ ^ -tracted to the 

Figure 8 shows the radial cartridge 121 for use with a i - " 

— « « . » ta 3, ri: :r,r ~ ^ 

commonly assigned, copending U S P a W a ,• • ,Ceisdescribe din 
v, , 8 • " atent Application No (\» ^ 

Referring now lo Figure 9, as described stove wben 'a nenptmi' 
pierced by U» exiting „„ m , - - * 120 ,s <"•>"* °r 

— *- wou, bll'J^ • *■ rf — ' "* c : 

» ctannel . * — — .o ** ibe Mo* _^ 

The physical characteristics of the mesh l 9n ic 

""htheslonanfaee Ansel' . " ,aXa00 °- b "" M,B ""«»M»ne»-«ac. 
-Pi»»y Cbe, my b, ^ » J de,M " e 'Member. A differ ga „ ge 

* ^flicienc, of fc lma ^ ^ °' — »P» *. «« 
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In another embodiment, the mesh 120 would reduce the amount of 
.nicropositioning used to assure that the drop,et of body fluid gets to the anaryte detecting 
member. The potential volume required by the analyte detecting member could be 
reduced by reducing the amount of blood or body fluid that spontaneously rises to the 
surface of the skin that is either not removed from the skin once the surface tension is 

^kilnmM^nM^,,,^ Traditiondrnicrofluidicscouldalsohave 
a higher volume required to get the blood to the. sample chamber. 

Referring now to Figure 10, it should be understood that the mesh may be 
configured to a variety of geometries. The mesh 120 could be fabricated as a ring as seen 
mRgureyandthenheatsealedintofteanalytedetectingmember. The heat sealing 
shouldnoteffecttheintegntyofanalytedetectingmembe, By example and limitation 
the mesh 120 may also be used to cover at least one or more electrodes 68, 70 and 72 ' 
used in the device of Figure 4. In some embodhnents, the mesh 120 may also 'be used to 
cover the aperture 64. 

As seen in Figure 1 1, the mesh 120 may be configured so that a blood droplet 160 
that hns the mesh 120 will be drawn toward ,he analyte detecting member 150 as 
Seated by arrowl62, due tothelength of themesh 120 which is extended down tome 
member 150. As seen in Figure 1 0, which is a top down view, the mesh ,20 has portions 
1 64 which may be extended down towards the member 1 50. 

In one embodiment, a capillary mesh may be used that basically allows the lancet 

The mesh m one embodiment may be a hydrophilic mesh that would then allow the blood 
to be absorbed, in this embodiment, once the droplet is built up on skin. Withmesh,* 
does not matter where the droplet hits it. With a certain volume, there is enough blood to 
coat the mesh and coat the analyte detecting member, thus creating a better solution for 

integrated analyte detecting member. 

Figure 12 shows one embodiment where the force of the penetrating member ,40 

impacting the mesh ,20 flattens it out and pushes it against the skin. In this particular 

embodiment of mesh ,20, the mesh ,20 is pliable enough to allow relaxation 
■ One issue associated with the present invention may be getting the analyte 

detecting member Cose enough to the lancet. I„ many embodiments, the radial axis of 
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felan M .i S 8„i 0gtol „„ hmted[0tlaofbo( ^ (w . 

In one embodiment, a layer of body fluid at tartM-inn • • 

wnere the droplet isgomg to come which is atthe axis nfrt,„ i . 

^ gmemberwo . dteheatse , e , toftee]ec ^ ZT^"T" el ™ e 

Referring now to Figure 14, it should be understood that the mesh mav b 
graAenttypeofmesh.Itmayhavehighener^ton,,!! V****"*** 
5 180. The crosses and the m , W *° PU " ° M wa ^ Seated by arrows ' 

ine crosses and the mains on the mesh may be designed and™* a 

desiredmovementoffluidincontact^memesh Z^^T^" 

thinncrgaugemaybeusedinahigherenergyarea vl " * ^ * 

the gaps mey are relativM 80 ""^ ^ Wlth ^ to the capillary size and 
S ps,mey are relatively proportionate. Of course whenv™,„ (J 

below 100 micron, 70 ■ ' , - °^ e > wnen vou get down to a level 

JW ""Crons, 70 microns for the nnre »k„ „ . 

dogging of the bW V, We 15016 S1Ze ' themeshca " into blood filtration or 
ggnig of the blood, particulate such as the big lucocytes tend fori. a , 

It should be understood, of course, that the present invention,™ 
alternative embodiments With *, ,. sent inve ^O" may operate with 

flow off, ^ ^ W ^ ^ fte ™* ™V direct "the 

flow of fluid. In some alternative embodiments, a ribbed plastic with . yHeCt,he 

-,pe^ 

v^y sensitive and sometimes does not get me blood « ^ ^ " 

tf, ^ h isve ^ compliant ^ . 

substantially resolved Th Pm u ,,. ,v, ^proDJerrVblanchingis 
ny resolved. The mesh could be co-located perfectlv . u- . 

cu penectjy and touching the surface 
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oftheskin. And then you do not have a vertical oiiset or a vertical insensidvityp^ 
that tends to blanche Then became *w • * ■ . ^aviryprobJem 

«. J nen because there is not a bearing surface there and pressure is 
kept at :. level below that which would cause blanching. 
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Figures 15 and 16provide additional det^ls of the line conductors, feed^hroughs 
and conductor pads. He embody shown in the Figures ,5 and 16 rhaybe adapted for 
use with a radia. cartridge such as that shown in common* assigned, co-pendi ng U S 
Pate„t A pplica ti onSe,No r 10/429,196(Attomey Docket No. 38187-2662) filed May 1 
2003, fully incorporated herein by reference for all purposes. For example and not ' 
umatauon, figure 15 shows a support structure 212 that is adapted for use with a radial 
cartndge 20. The support 212 may include a plurality electrodes such as, but not limited 
to, a working electrode 240, a counter electrode 242, and a reference electrode 244 A 
Pforahtyofconducuonl^^ 

the sensory material 214 with the contact pad 230 on the other side of the sup P ort212 
(seeFrgu*!^^^ 

larger m width than the conduction lines 250. This facilitates the tolerance offte pad to 
S, ^^g™e*tsof^ 

The contact pads 230 are shown to be square or rectangular in geometry. It should be 
understood, however, that the contact pads 230 may be circular, oval, polygonal 
tnangular, any single combination of the geometries above, or any combination of any ■ 
number of the geometries above. The via holes may also be sufficiently spaced apart 
such that there is sufficient space on the underside of the support struct^ to 
accommodate the larger contact pads 230. 

In the present embodiment, the top side of the support 212 may include a sealing 
region 260. This sealing region 260 may be used to keep the sensor material 214 in a 
sealed environment prior to use. 

Figure 17 shows how one embodiment of a radial cartridge 201 may be coupled to 
a stenlity barrier 203 and a support 212 having the sensor material 214 and contact pads 
230. Of course, the support 212 of Figure 17 may be configured to include configuration 
shown m Figures 15 and 16. The support 212 would be sealed, in one embodiment 
agamst the underside of the radial cartndge 201 . This integrates the Sensory materia, 2,4 
wnh the cartridge and also creates the sea,ed environment in which the materia, 214 may 
be stored untiJ ready for use. 

Embodiments of the present invention take the sensor electrode contact pad which 
for example and not limitation, may be located anywhere on the bottom on the package 
takmg advantage of the disc shape. The electrode contact pads may be placed anywhere 
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R«ftn.nIno» 1 „F! 60 «, S , OI)embodimol| WcMMi 

,» ^ tte ekctefc ^ 202 _ ^!™r™ r ■** 

diameter of the cartridge The>™*«i™ * t uie ™ er 

^tuuiuge. A ^epads230maybeontheiinHprc;^ „*j 

exemplar and are nonlimiting. ^ese are purely 

Referring now to Figure 19, other embodiments mav W ««. 

JZ^~" fc 

r e :ir 2 r Dgmemberi02 - tooiieembodi -^-BPorti 0n27 o iscOB , ledt r 

interlock IT . § ^ * ^ h «" 

-terlochng C0U p llng5 or other methods ^ 

ma > «*W sterilization methods. An 0pen i ne 273 m .? 
sterilitv c M io • An opening 273 may be provided to allow any 

stenuty seals on the cartridge 20 to he rmrwi a y 
* , uge to be opened. A punch or other mechanism mav exfc-nrf 

- 2 ,3 ,„ ^ tte seal „„ cJe „ „ ^ » — . 

penetrating member 1 02. 

portion 270. The analyte detecting member 275 mn k ■ y ^°^ miht 

Figures 110-112. A groove * ta **^'^'» . 

* 6 1330 m ^ P ° rt]0n 270 ""V be formed to hold the member 
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* * * 

27S.ApI^ of ^ eJete0 . ^ . 

bottom surface of the cartnVW on ^ -r li>z/: > extend below the 

ui me cartridge 20 to facilitate engagement witi. 

**h the bottom surface of cartridge 20. I*e contact pad 27 1 " ^ 

15 • surface of the detecting member 275 I ^ onthe bottom 

cwmg meroper 275. In some embodiment there ni*v 

« k fcc„l«d. h „ e ^i^, rf|he ^cartridges™ foil 

mamer the! bloo4 •otpemfteielhe . 
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loaded si hW (SRI „ „ ; ' »*H ™° » crt^ 

II 1» bra, oWri that pe-smtdmg „ 

tensions the elastomer. A controlled voltage source 319 a 

electrodes on the elastomer . ^ ^ * 
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A second style of actuator shown in Figure * - 

actuations 

K. A po Sltl on ingnal can be obtained from an elastomeric actmtnr 

tbecap ac ita„ceoftheact U ator330for3161 TV aCtmt ° r b ? meas ™8 

1 ^ ^ s CM te accomplished hv in,™.- 

-ewave ) orpul S e S i g nal320o D totheDCdnvevoltaoe ™ e ^ * * 

the electrode plates. ^ andJ " sn » «* deflection of 
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tissue penetration devices which employ spring or cam driving meftods have a 
symmetnca, or nearly, symmetrical actuation displac *mentand velocity profiles on the 
advancement and retraction of the penetrating member as shown in Figures 25 and 26 In 
most of the available lancet devices, once the launch is initiated, the stored energy 
5 detenninestheve^^ Controlling impact, 

retraction velocity, and dwell time of the penetrating member within the tissue .an be 
useful in order to achieve a high success rate while ac.o^ting variations in skin 
properties and minimize pain. Advantages can be achieved by taking into account of the 
fact tiat tissue dwell time is related to the amount of skin deformation as the penetrating - 

patient to patient based on skin hydration. 

' ** is -H-n^ 

achieved by use of a controllable force driver where feedback is an integral part of driver 
control. S-hclriverscancontroleithermetalorp.lymericpane^ 
15 ^'typeofussuepenetr^ 

ulusfrated in Figure 25C which illustrates an embodiment of a controlled displacement 
profile and Figure 25D which illustrates an embodiment of a the controlled velocity 
profile. ^earecomparedtoFi g ure S 25Aand25B,whichillu S trateembodiment S of 
emplacement and velocity profiles, respectively, of a harmonic spring/mass powered 
dnver. Reduced pain can be achieved by using impact velocities of greater than abbut 2 
Ws entry of a tissue penetrating element, such as a lancet, into tissue. Other suitable 
embedments of the penetrating member driver are described in commonly assigned 
copending U.S. Patent Application Ser. No. 1 0/1 27,395 (Attorney Docket No 381 87- 
2551) filed April 19, 2002 and previously incorporated herein. 
! Figure 26 iliustrates the operation of a feedback loop using a processor 360 Tire 

Pressor 360 stores profiles 362 in non-volatile memory. A user inputs information 364 
about the desired circumstances or parameters for a lancing event. TT>e processor 360 
selects a driver profile 362 from a set of alternative driver profiles that have been 
preprogrammed in the processor 360 based on typical or desired tissue penetration device 
performance determined through testing at the factory or as programmed in by the 
operator. Th^rocessor 360 may customize by either scaling or modifying theprofHe 
based on additional user input information 364. Once the processor has chosen and 
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customized the profile, the processor 360 is ready to modulate the power from the power 
supply 366 to the penetrating member driver 368 through an amplifier 3.70. The 
processor 360 may measure the location of the penetrating member 372 using a position 
sensing mechanism 374 through an analog to digital converter 376 linear encoder or other 
such transducer. Examples of position sensing mechanisms have been described in the 
embodiments above and may be found in the specification for commonly assigned 
copending U.S. Patent Application Ser. No. 10/127,395, (Attorney toocket No. 38187- 
2551) filed April 19, 2002 and previously incorporated herein. Tie processor 360 
calculates the movement of the penetrating member by comparing the actual profile of the 
penetrating member to the predetermined profile. The processor 360 modulates the 
power to the penetrating member driver 368 through a signal generator 378, which may 
control the amplifier 370 so that the actual velocity profile of the penetrating member 
does not exceed the predetermined profile by more than a preset error limit. The error 
limit is the accuracy in the control of the penetrating member. 

After the lancing event, theprocessor 360 can allow the user to rank the results of 
the lancing event. The processor 360 stores these results and constructs a database 80 for 
the .ndividual user. Using the database 379, the processor 360. calculates the profile traits 
such as degree of painlessness, success rate, and blood volume for various profiles 362 
depending on user input information 364 to optimize the profile to the individual user for 
subsequent lancing cycles. These profile traits depend on the characteristic phases of 
penetrating member advancement and retraction. The processor 360 uses these 
calculations to optimize profiles 362 for each user. In addition to user input information 
364, an internal clock allows storage in the database 379 of information such as the time 
Of day to generate a time stamp for the lancing event and the time between lancing events 
to anticipate the user's diurnal needs. The database stores information and statistics for 
each user and each profile that particular user uses. 

In addition to varying the profiles, the processor 360 can be used to calculate the 
appropriate penetrating member diameter and geometry suitable to realize the blood 
volume required by the user. For example, if the user requires about 1-5 microliter 
volume of bipod, the processor 360 may select a 200 micron diameter penetrating 
member to achieve these results. For each class of penetrating member, both diameter 
and penetrating member tip geometry, is stored in the processor 360 to correspond with 
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displacement and velocity profiles. . _ wnnneu. 

- I* device i, ^.e-of , he nse , for ^ ^ 

be« »d «* end rffte la «i» s e,e M ,„ ^ . 

lancing events. tS for Sequent- 

» .^^ C,e ' t,ed ^ ficialM - Ie -*e 
Amencan » mcorporated herein byreference for aUp^e, 
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Referring now to Figure 27, yet another embodiment of th* present invention wi], 
aow be dossed. Mathematical modeling of microscale processes is a uniquely useful 
alternate to the known approaches since the chemical and physical processes in the 
m.croscale generaDy follow deterministic physical laws that can be accurate* represented 
• m mathematical models. Once validated by extend measurements, modeling can predict 
mtemal behavior at any point in space and time within the microdevice, leading to new 

iuncuons, optimization of system dynamics, or location of a specific region of incomplete 
reagent mixing, complete with design modifications that will remedy the problem 

Many developers of microdevices utilize this very powerful approach of 
simultaneous modeling and experimentation. Microscale fluid movers have been 
developed using both linear" and nominear" modeling, even when complex fluids such 
as particle suspensions' 0 -" are involved. Other components of microfluidic systems"-' 
have benefited from this dual approach as well. 

The large surface-to-volume ratio characteristic of microdevices however 
frequently leads to unexpected behaviors. For example, microvolumes of physiological 
flmds evaporate, cool, and heat extremely rapidly and modeling is often desirable to " 
accommodate, or leverage, such heat transfer and evaporation processes and their impact 
on the system. At the typical low Reynolds-number (slow flows) in microdevices, mixing 
1S often problematic and modeling guides the design to achieve mixing requirements. 

The modeling of laminar flow is rarely an end in itself, but since the exact 
governmg equations can be solved analytically in simple channels, or numerically in 
more complex channels, this produces valuable knowledge of the flowfield and its effect 
on other .mportant physical processes, for example the precise control- of chemical 
react™ rate by designing the diffusive mixing of the reacts, A multiphysics model is 
the result and is extremely useful to experimentalists tasked with sorting out the effects of 
a rmcrodevice with complex physic, Many researchers have utilized this approach to 
develop devices for fluid constituent extraction", property measurement such as pH» 
"scosV , and diffusion coefficient 2 ', quantitative analysis- sample preparation 23 and 
lammate-baseimicrofluidic devices for biomedical applications 24 " 24 . - 
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Toilinslatthow„«| e li„ gtm ^ tbedeveJc—ofdi,,. „.. ■ 

5 Refeirin 8 now <° Kgures 27A and 27B effort htwlw" 

automated low-volume lancetWd blood ^ ^ - 
embodiment, the blood collection device is optunized hJach' a J |onu, u'ting 

» ^o^^^otbetvo,^^^ rr* "* uMbe 

60nl or less can also be nsed ^^a^^?^"* ^ ' 

— - *veloped,obe ^J^™^ 
volumes, as we« as, fo, e^ple „d no, b^o. Lb-10 ' 

accu™ ¥ bf i 5»ov„ U *climca,™ge 27B sb. ^ ^ 

^^^^ ^ ^ e 

adrfMffn.il • co-consume oxygen. The emulsion 

a change in fluorescence and thus is related to the sample .h * 

advances sue. as faste, w times a™ cpeced 
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The analyte detecting member model mathematically replicates the significant 
physical add chemical processes taking place in the analyte detecting member and 
sample. Figure 28 provides a simplified schematic of the most important processes. 

Prior to contact between the sample and the analyte detecting member layers, the 
whole blood sample contains red blood cells (RBCs) at a given hematocrit level and 
plasma with dissolved oxygen (bound to hemoglobin inside the RBCs and equilibrated 
with the surrounding plasma), human catalase (with no significant exchange of cafalase 
between RBCs and plasma), glucose (which is the analyte), and hydrogen peroxide. Li 
this embodiment, the sample is assumed to contain no GOX at this point. Other blood ' 
constituents that diffuse into the analyte detecting member layer are. not expected to have 
a significant impact on the analyte detecting member chemistry at the concentrations they 
can reach within 60 seconds after exposure. 

Prior to sample contact, the analyte detecting member membrane (dispersed- 
phase) contains a fluorescent indicator in the form of a ruthemum complex immobilized 
within microdroplets of a hydrophobic material (a siloxane-contami„g polymer) that are 
of known concentration and size distribution and embedded in a continuous hydrogel , 
matrix of known water, polymer, and GOX content (see photo in Figure 28). The " 
membrane additionally has an oxygen concentration in equilibrium with the atmosphere. 

When the analyte detecting member is initially exposed to the sample, the 
diffusion of all species is affected by the presence of the dispersed hydrophobic droplets; 
depending on the diffusion and partition coefficient of the each diffusing species, their ' 
diffusion rate may be increased or decreased. GOX starts to diffuse out of the analyte 
detecting- member and into the sample at a slower rate than that of the small diffusants. As 
the glucose molecules reach the GOX molecules, they are metabolized and converted, 
with the co-consumption of oxygen and production of hydrogen peroxide, to gluconic 
acid, which in turn is instantaneously and non-reversibly hydrolyzed to gfuconolactone. 

In the present embodiment, the ruthenium complex (ruthenium- 
diphenylphenantroline Ru(dpp)») in the hydrophobic microdroplets is initially in 
equilibrium with the ambient oxygen concentration, and its fluorescent lifetime is 
quenched to some degree. As oxygen is consumed by the GOX enzyme reaction a 
concentration gradient is generated between the hydrophobic microdroplets and the 
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mounding hydrogel, causing the diflbsi on of oxygen out of tK • 
. — Ume, oxyge, from lhe plasma m ^"^^ * 

^~i OnacC0mpJished ^ 

severe between the values for ambient , nd for about Q 

microsecond range. 7 ! tend to be m the low 

10 Modeling Methodology 

"one embodiment of the p resen t invention, the analyte detecting k 
mathematicaJiy impiements the physics of the ana.yte detect w 

•™», ^ ^ ^ ^ „ 

nation ™ lude! „ a „ u ,, uI ' ™ een Mco.^emfo, 

'""."ogBi-Bii^tonairore oxidase). 

oxygen in a dronlet a nH ,k <»nusion,the concentration of 

wiui averaged properties, instead of two 

* * 
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segregated materials, one for each phase, requiring constant updating of the local oxygen 

flux between them. 

. Tin*, the analyte detecting member model treats the emulsion as a continuum 
with properties based on volume-fraction averages of the properties of the hydrophobic 
5 and hydrophilic phases. The volume-averaged properties include: diffusion coefficient, 
solubility, and initial concentrations of each conserved chemical species. Using oxygen 
concentration in the analyte detecting member membrane as an example, the initial " 
concentration (mM) is 

= Sa , S02 a, + f Si S m si , 

10 fte effective partition coefficient is 



20 



S 02 = fA, + fsi 



and the difiusion coefficient 
D02 = /*fAa^, + /M b (l-/«)A»i^ + / w Aa* 

W here/ ffl is the volume fraction of the emulsion that is hydrophobic phase f Aq and 
15 f Pofy are the volume fractions of the hydrophilic phase that are aqueous and polymer 
respectively. The diffusion coefficients of oxygen in water, hydrogel polymer, and ' 
hydrophobic phase are D 02Ag , B 02 , o!f , and />c» a - Finally, the solubilities of oxygen in 
water and hydrophobic phase at initial conditions are S mAq and Win mM units. 

Solution of each constituent's conservation equation, each impacted by chemical 
reactions with other constituents, produces the predicted concentrations of oxygen, 
glucose, glucose oxidase, catalase, and hydrogen peroxide at every location in the analyte 
detecting member membrane and sample, as shown in the Figures 29 to 33. 

Results from Model and Experiment 

The following sets of plots illustrate some of the information generated by the 
25 model and the corresponding experiment for one set of initial conditions and analyte 
detecting member parameters. In these plots we used glucose-loaded saline solutions to 

provide tightly-controlled samples. 
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1 . . .. 

Hpre29a s ho Ws tbe re acnW . 
contaminant of GOX) and, in Figure 29b, g lucose oxidase from Aspergillus niger u a 
function of cross-sectional distance through the sample (1 mm 0D the left) and analyte 
detectin gm ember(0.047mm). Enzyme reaction rates are in mM/s. Thecurves 
corresponds, 10, 15, and 20 seconds after the exposure of the analyte. detecting 
member membrane to the sample. Both reactions occur almost solely in the analyte 
detecting member, their initial rales are the highest 

. Figure 30 shows the concenter, of glucose oxidase from Aspergillus niger 
(figure 30a), and concentration ofcatalasefrom Aspergillus niger (as contaminant of 
GOX) (Figure 30b) across a sample and analyte detecting member cross section 
Expenments have shown that the A. niger enzymes are somewhat immobilized fa the 
analyte detecting member emulsion by an as yet unknown mechanism (possibly 
entrapment), difrusing approximately 10 3 times more slowly than if free. This reduction 
- "nplemented in the mode,, which only allows the normal diffusion speed in the sample 
For the figures, Concentrations profile of enzymes are in mM. ■ 

Figures 31a-31c show the concentrations of the reactants: oxygen freely 
drssohved in sample and analyte detecting member emulsion (Figure 3 1 a), and hydrogen 
peroxide (Figure 3,b) and glucose (Figure 31c), both freely dissolved in sample and 
analyte detecting member hydn> P hilic phase. For the figures, concentrations of reactants 
aremmM. Ito.c.^^^,,^^^^^^ 

production by chemical reactions over time. The decrease in oxygen concentration in the 

hydrophobicphase is the cause of the change in fluorescence lifetime. Figure 31b shows 
anmc^ase^^^ 

hydmg^pe^^ ; 

Figure 32 shows the change in fluorescence lifetime as a function of analyte 
detecting member response to glucose. 

Figures 33a and 33b shows the simulated dynamic response of an analyte 
detectmg member with good overall response characteristics: fast response dynamic 
range m the physiologically important range, and a large enough signal change to be- " 
useful. The analyte detecting member has a hydrophobic to hydrophilic volume fraction 
of 40/60, an overall thickness of 47 micrometers, and 70% water in the hydrophilic ph** 
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Figure 33a show, a simulated calibrate graph, plotted for different times after 
untial analyte detecting member exposure. The analyte detecting member sh 0WS a solid 
response over the whole glucose range in less than 10 seconds. Figure 33b shows 
simulated response curves, plotted for different glucose concentrations. In the present 
embodiment, the.anahyte detecting member reaches a plateau for the high glucose level 
after less than 1 0 seconds, while the medium and low glucose levels show an acceptable 
response overasimilar time (-kmetic measurement mode). For reference, the normal 
range of glucose concentration in capillary blood is 3.5-6 mM. The 25 mM case 
represents an extremely high, critical glucose level. Jn Figure 33b, the signal for even the 
high glucose level never reaches a signal of 1 00%, which would be equivalent to 
complete consumption of all oxygen present in the analyte detecting member, but rather a 
steady state value above 95%. The discrepancy is due to oxygen diffusion from the 
sample. The fact that oxygen diffusion is relatively minor is advantageous as the analyte 
detectmg member will not be significantly sensitive to variations in oxygen 
15 concentrations in the sample. 

Figure 34 shows test data taken with a prototype analyte detecting member ■ 

supphed to the analyte detecting member model for the preceding figure, Thepredicted 
response (Figure 33b) agrees whh the test data, especially at the higher glucose loading 
The data from the prototype membrane displays some variability and a slightly reduced 
dynamic range compared to that predicted. 

The model was highly usefiil in the beginning of the development project to 
preset that rapid (s„b-10 second) response was indeed possible (at a time when the 

^^^^wedresponsetimeofnunutesd^ 

& were later corrected). 

For the present embodiment, it was also discovered through modeling that GOX 
activity at ^ ^ „ ^ ^ ^ ^ 

highly non-linear, and that there was an inhibitory effect on GOX activity at those 
concensus.™, freed the experimental teams from trying to push the GOX 
concentration in4he analyte detecting member to the solubility limit. 
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For manufacturing purposes, in some embodiment the analyte detecting 
members were designed so that were less than 50 micrometers thin. He model however 
had predated an optimum balance between response time and cross-sensitivity to sample' 
oxygen for a ana]3*e detect ^ 

should be understood, of course, that various thicknesses may be used with different 
dev.ces without deviating from the scope of the invention. So the model was exercised 
repeatedly to explore the design space; it predicted that if the GOX concentration was 
changed to 3 mM it would be possible to achieve a similar balance between fast response 
time, good dynamic range, and low cross sensivity. 

A particularly puzzling phenomenon was discovered when the experimental teams 
noticed a significant drop-off of glucose signal (an increase in fluorescence lifetime or 
more accurately, in hybrid fluorescence phosphorescence Ufetime) after only short ' 
exposure of the analyte detecting member to the sample. It was discovered through 
modeling that the analyte detecting member had in fact "used up" a], the glucose in the 
sample solution, and the volume of the sample was subsequently increased. • ' 

The discussion of the various optima for the analyte detecting member and their 
denvanon from the model are beyond the scope ofthis paper and will be reported * 
elsewhere. However, based on multiple model runs and their experimental verification 
we have assembled a number of qualitative design rules that should be generally 

20 applicable. 

The thickness of the whole blood sample layer has no significant effect unless 
sample layer is very thin (<1 00 micrometers) and is not shielded from the atmosphere. 

In one embodiment, a thinner analyte detecting member will be faster, but oxygen 
diffusion from the sample will start to be noticeable for analyte detecting members 
15 thinner than 100 micrometers. A higher GOX concentration can compensate for this 
effect. Oxygen or glucose-controlled GOX behavior is not a function of layer thickness 
but of the ratio between hydrophilic and hydrophobic volume and GOX concentration. 

GOX concentration has to be balanced with the hydrophobic phase volume 
fraction to erfWe a good dynamic range as well as a glucose-controlled reaction 
0 mechanism. 
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A ratio of hydrophilic to hydrophobic phase of 80/20 is ideal, but ,his can be 

T7- r c ~'° n is modified 33 wu - *— • *« - ^ — 

effects that beneficially enha.ce ^ch other and decrease analyte detecting member 
-ponse time: (a) faster differ of g, ucose fte ^ ^ ^ ^ 

anpenetrable hydrophobic material in the way), (b) faster removal of oxygen Irom the 
hydrophobic phase (because there is less stored oxygen available), and (c) a higher 
amount of GOX can be used, because there is more hydrophilic phase. 

Both layer thickness as well as the ratio of hydrophilic to hydrophobic phase wul 

io 

analyte detecting members with fester response. 

-ooxygen, thus removing half of the oxygen-consuming effect the consumption of 
glucose had on the hydrophobic layer. GOX with low catalase contamination is required. 

Dropletsrzes below 5 micrometers ensure oxygen difiusion inside the droplets is ' 

not a controlling parameter. ■ 

™ e *-°ven«onh^^^ 
1-hcular embodiments the reo f, those skilled in the art will appreciate that various 
adaptions, changes, modifications, substitutions, deletions, or additions of proems 

any of the above embodiments, the penetrating member tips may be uncovered during 
actuate (,e. penetrating members do not pierce the penetrating member enclosure or 
protege foil during launch). With any of the above embodiments, the penetrating 
members may be a bare penetrating member during launch. With any of the above 
ernbod^ents, the penetrating members may be bare penetrating members prior to launch 
as tfus may allow for significantly tighter densities of penetrating members. In some 
embodnnents, the penetrating members may be bent, curved, textured, shaped or 
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otheiwise treated at a proximal end or area to facilitate handling by an actua'tor yjje ' 
peneMmg .member may be „ ^ , n M *„ 8TO ,v„„ ft ei,i tateC011| , lil ,„ to 
. a gnpper. The notch „ g^ve „ay be lb™d along an elongate portion of the 

bo„c«»» tt e,„p„f u « C a^dge,wi UlU «gri pp ,, 01lUle<1 , her!ide ^ 

* ta end of toe ^ „ ^ ^ _ - ' 

_ The penetratmg member nta, have , di mM » ^ f „ ^ ffi ^ 

.0. volume, desenbed herein. rhepene^memberdHvermaya^bein^V 
the same plane as the cartridge. The dtiver may use a through hole or other opening to 

. P"h mtotrnd on, o, the ti^e. The sen»y materia ma, be deposited imotoevi, 
mfe The conductor materia, may also be deposited in,, toe via.holes. Theviaho.es 

/n, of the fea^res described in this action or „„y ^ 
-^^ft^-thany^imenrof^^,^ F „^ 
deuces of tbepresen, invenrio, a|s0 „ ^ fc _ ^ 

ApphcataSer.No. ^^B*^,, 

An analyte detecting member to detect the presence of foil may also be included in the 

^"^^-^cand^iftoeca^isfresho, 
no. based on the stotus of toe barrier. ,, should be understood ft,, m oplioMl 

2^°<^°«™>^ pmk *» g ^ I melarKingappara^may 
'. """^ *™ ** — P'«. -lenoid fo«e ge«„,., may be 

improved lo try to increase the amount of force the solenoid can generate for a given 
current. A solenoid for use with the present invention may have five coils and in toe 

77^°^ *» " - °» *~ * to increase 

the Oneness of the out.rmeta, she,, o,.^ ^ ,„„ ^ By 
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thickness, the flux will also be increased. The slug may be split; two smaller slugs may 
also be used and offset by 54 of a coil pitck This allows more slugs to be approaching a 
coil where it could be accelerated. This creates more events where a slug is- approaching 
a coil, creating a more efficient system. 

In another optional alternative embodiment, a gripper in the inner end of the 
protective cavity may hold the penetrating member during shipment and after use, 
eliminating the feature of using the foil, protective end, or other part to retain the used 
penetrating member. Some other advantages of the disclosed embodiments and features 
of additional embodiments include: same mechanism for transferring the used penetrating 
members to a storage area; a high number of penetrating members such as 25, 50, 75, 
100, 500, or more penetrating members may be put on a disk or cartridge; molded body 
about a lancet becomes unnecessary; manufacturing of multiple penetrating member 
devices is simplified through the use of cartridges; handling is possible of bare rods metal 
wires, without any additional structural features, to actuate them into tissue; maintaining 
extreme (better than 50 micron -lateral- and better than 20 micron vertical) precision in 
guiding; and storage system for new and used penetrating members, with individual 
cavities/slots is provided. The housing of the lancing device may also be sized to be ' 
economically pleasing. In one embodiment, the device has a width ofabout 56 mm, a 
length ofabout 105 mm and a thickness ofabout 15 mm. Additionally, some 
embodiments of the present invention may be used with non-electrical force generators or 
drive mechanism. For example, the punch device and methods for releasing the 
penetrating members from sterile enclosures could be adapted for use with spring based 
launchers. The gripper using a frictional coupling may also be adapted for use with other 
drive technologies. 

Still further optional features may be included with the present invention. For 
example, with any of the above embodiments, the location of the penetrating member 
drive device may be varied, relative to the penetrating members or the cartridge. With 
any of the above embodiments, the penetrating member tips may be uncovered during 
actuation (i.e. penetrating members do not pierce the penetrating member enclosure or 
protective foil during launch). The penetrating members may be a bare penetrating 
member durirlg launch. In some embodiments, the penetrating member may be a patent 
needle. The same driver may be used for advancing and retraction of the penetrating 



WO 2005/033659 

PCT/US20M/032025 

37 

^ber. Different ^l^n^to^t^^^^ 
concentration, different analytes, or the hke may ta combined fo , ^ ^ ^ 
penetratingmember. No„-pote ni io m etric measurement teclmicmes may afco be used for 
■ anajyte detection. For examp^. dWe^ntransfer.of glucose oxidase molecu,* 
adsorbed onto carbon nanotube powder microdectrode may be used , 0 measure o lucose 
eve], In some embodiments, the analyte detecting members may formed to fJh **h 
he cartndge so that a "well" is not formed. In some other embodiments, me analyte 
detecting members may formed to be substantially flush (within 200 microns or 100 

earned out via chemical vapor deposition (CVD). In all of the embodiments of the 
mvenhon.preferrednanoscopicwesmaybenanotube, Any method useful for 
deposrtmgagjucoseoxidaseoroteanalytedetectionmate^ on a nanowire or 
nanotube may be used with the pi ese„t invention. Additionally, for some embodiments 
■ any of the cartridge shown above may be configured without any of the penetrating ' 
5 members, so that the cartridge is simply an analyte detecting device. Still further the 
-ndexmg of the cartridge may be such that adjacent cavities may not necessary be used 
senally or sequentially. As a nonlimiting example, every second cavity may be used 
sequential which means that the cartridge wi„ go through two rotations before every or 
sub.antiailyanofthecav.tiesareused. As another nonlimiting example, a cavity that is 

allow for greater separation between cavities containing penetrating members that were : 
jus. used and a fresh penetrating member to be used next. It should be understood that the 
, W^^versshowninmepresentmventionmayb^ 

Tnese sprmg-based drivers may also be paired with gripper blocks that are configured to 
penetrate into cartridges that fully seal penetrating member therein, in order engage those 
penetratmg members. The start and end positions of the penetrating members may also 
be .be same. The penetrating members may be parked in a holder before actuation and in 
some ^embodiments, into a holder after actuation (as seen i„ cartridge 500 or any other 
cartridge herein). I^ ijnents of the m invention may also include guides which 
Fovrde lateral^onstraints and/or vertical constraints about penetrating member These 
constramts may be positioned abou, the shaft portions of the penetrating member For 
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a °^^ embodiments hereirj, Ihey may be configured to provide the various velocity 
profiles described. ^ ^e detect roemt^ ma, votoe, of lesstta, 1 
mtaoliter, less tta SOCM,, <0M, 30M, 200m, ,00m, 75m, 6«, 50m, 4M, 20 m 

75nl, 60nl, 50n] 40nl, 30nl, 20nl, I OrJ, or less in volume, msOTIotfcrem^ ^ 

10 embodiments set forth above. 

pnor to the fihng date of the present application. He lowing app]ications „ 
incorporated herein by reference for all purposes: Ser . Nos . m 

^m^mm^^^ Nothinghereinistohecons.nedasan 
a*™ that the present invention is not entitled to antedate such publication by virtne 

nd apphcahons mentioned herein are incorporated herein by referenced disclose and 
cited. 

Expected variations or differences in the results are contemplated in accordance 
w* the objects and practice, of the present invention. It is intended, therefore, that the 
-vent™ be defined by the scope of the clahns which follow ^ ^ ^ c]aims ^ 

interpreted as broadly as is reasonable. 
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1. A body fluid sampling device comprising: 
a single cartridge; 

a penetrating member coupled to said single cartridge; and 
an analyte detecting members. 

2. A *e*odof^^ 
(a) 



providingacanridgeconfiguredtoslidablyholdapluralityof 
^^-^a.dtohaveap^of.alyted 

5 fluid mto a deared area on the cartridge. 
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2 

1 

2 



4. ™e™tn<xlof cI ^^ 
flrndtooneofsaidanalytedetectingroembei,. Sguutette 

5. A body fluid sampling device comprising: 
a single cartridge; 

to *0«l ntan, oulmm) fe« ,„ ^ 

* tne cartridge is in an operative position; and 

11 ^^^^-^ Repositioned to guide fluid generated by 

n said tissue towards one of the anaryte detecting members. . " 
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.2 



* 6. A body fluid sampling device comprising: 
a single cartridge; 
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a plurality of penetrating members coupled to said single cartridge and- 
operative* couplable to the penetrating member driver, said penetrating members 
movable to extend radially outward from the cartridge to penetrate tissue; 

a plurality of analyte detecting members coupled to said single cartridge 
wherein at least one of said analyte detecting members positioned on the cartridge to ' 
reeve body fluid from a wound in the tissue created by the penetrating member when ^ 



9 the cartridge is in an operative position; and 

io apl ^ ofmesh ^^ 

11. tissue towards one of the analyte detecting members. 

1 7. The device of claim 6 further comprising a ring around the 
cartndge wherein said analyte detecting members are mounted on said ring, along with 

3 said mesh. 

* 8 - ™ edeviceofcla ' m6 ^«comprismgarmgaroundthe 

2 cartndge wherein said analyte detecting members are coupled to said cartridge through 

3 said ring. ^ 

1 9. The device of claim 6 further comprising a plurality of electrodes 

I coupled to said analyte detecting member. 



10. The device of claim 6 wherein the mesh is a gradient mesh. 

11. A body fluid sampling device comprising: 
a support structure; 

a sensory material on a first side of said support structure; 
a conductor material coupled to the sensory material; and 

a commutator positioned to engage said conductor material to obtain 

o analyte measurrnents. 



1 

2 

1 



12. The device of claim 11 further comprising a radial cartridge, said 
support structure coupled to said radial cartridge. 



13. Thedeviceof claim 11 further comprismg a plurality of elec^ 
^ each having said sensory material. 



14. 



A penetrating member actuator comprising: 
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a support structure; 
a first electrode; • 
a second electrode;. 

elongates upon activation of the elertrnH^o • ^material 

ot the electrodes, causing a penetrating member to move. 

2 ma » eri „ • ^ e d « vice of cla ^ 14 forther comprising a radial cartridge said 

3 ^^^.^^^^^ 
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comprising: 



17. : A method for designing an analyte detecting member, the method 

processes, 

processes ,abn gJ) ]ace m the analyte detecting member and sample- and 

membermtosmaJlcontrolvolumes.whereinduringeachtimesten. „• 1 
— . w ^ ^ ^ 

naaon (caW.s,, ot p^. p „ g 

' 20. m =™*oior c hi m 17„| 1 e re i„ tot i 1 , glheeaulsi<11110 

3 hydrophobic and hjdropMic phases. 
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